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INTRODUCTION
Over the past few decades, in order to meet a growing demand for food, the so-called modern agriculture has been increasingly dependent on agrochemicals, such as fertilizers, and specially, agricultural defensives. In tropical regions, such as the Amazon, those needs are more present mainly due to acid soil conditions and low natural fertility, and because environmental conditions are extremely favorable to endemic development. The use of these products has produced discontent of social order, mainly because they pollute natural resources, and jeopardize the quality of food of human diet, and for being associated with health problems (Anaya 1999) . Besides, varieties of weeds resistant to commercial herbicides are more frequent in agricultural systems (Moreira et al. 2010) . Such information shows that novel strategies are required for controlling weeds.
881-889
An Acad Bras Cienc (2013) 85 (3)
882
EWERTON A.S. DA SILVA et al.
Chemical substances produced by the plants themselves have been one of the many viable alternatives to face such issues. Like herbicides many of these substances act in the plant metabolism, thus a potential replacement to synthetic products available in the market (Duke et al. 2002) . Another favorable topic is the similarity of molecular sites of action between natural products and synthetic products (Duke and Abbas 1995) . Additionally, natural molecules have specificities which present low risk to natural resources and to the interests of society (Cutler 1988) .
The Amazon forest known for its wealth and biological diversity of species, may offer opportunities for discoveries of innovative and efficient chemical molecules which may be used in large scale in most agricultural activities, including management of both agricultural pests, of economic importance, and weed control. As a result, during the last few years several studies have been conducted with native plants from the Amazon which have helped to identify powerful allelochemicals for possible agricultural use , 2006a , Lôbo et al. 2008 , vilhena et al. 2009 ).
Among the many species and varieties of native plants occurring in the Amazon forest, with chemical molecules properties with potential use in agriculture are Derris (Lonchocarpus/ Deguelia) genera. As a result, Derris urucu, known as timbó vermelho, is the species which has raised our interest for its pesticide properties (Hien et al. 2003) , and has recently been studied by us, resulting in the isolation of substances belonging to the dihydroflavonol and stilbene classes (Lôbo et al. 2009 (Lôbo et al. , 2010 . Following up on this study, a hypothesis was raised that the dihydroflavonols isolated from the leaves may present potential activity for use in weed management. Therefore, the urucuol A (1), urucuol B (2) and isotirumalin (3) substances ( Fig. 1) were evaluated to characterize, isolated or in pairs, the potential allelopathic activity of these substances. We also describe the isolation and structural determination of a new substance, the flavanone 4 (Fig. 1) , also isolated from the leaves of this plant. C, using d-chloroform as solvent and internal standard. Mass spectral analyses were performed at high resolution analyses on microTOF II-ESI-TOF (Brucker, daltonics Billerica MA, USA) only at the cationazed ion region. HPLC was carried out in a preparative LC-8A Shimadzu system with SPD-10AV Shimadzu UV detector (Tokyo, Japan); using a Phenomenex Gemini C18 column (250 x10 mm, 5μ), an isocratic system of water/acetonitrile (38:62 for DU-3 fraction and 30:70 for du-4 fraction) and a flow rate of 4.7 mL per mim. Detection was performed at 280 and 320 nm. All solvents were filtered through a 0.45 μm membrane filter prior to analysis. Absorbance measurements were recorded on a Spectrum UV SP-220 ® spectrophotometer. The dried and powdered leaves of Derris urucu (700 g) were extracted with ethanol at room temperature. Part of the crude extract obtained (30 g) was treated following the methodology described (Lôbo et al. 2009 ), giving rise, among others, to fractions DU-3 (5.17 g) and DU-4 (5.36 g). Fraction du-3 (1.0 g) was purified on a hPLC system using a Phenomenex Gemini C18 column (250×10 mm, 5μ), an isocratic system of water: acetonitrile (38:62) and a flow rate of 4.7 mL min -1 , yielding five fractions.
MATERIALS AND METHODS

GENERAL EXPERIMENTAL
Fraction four showed chromatographic peak with retention time 19.24 and was identified as a flavanone 4 (11 mg). The fraction du-4 (1.0 g) was purified on the same HPLC column using an isocratic system of water: acetonitrile (46:54) and a flow rate of 4.7 mL min -1
, yielding the compounds 1 (80 mg), 2 (28 mg) and 3 (20 mg), which showed chromatographic peaks with retention times 9.10, 7.84 and 16.27, respectively.
BIOASSAY EvALuATION OF ALLELOPAThIC ACTIVITY
The germination bioassay was developed in a controlled temperature chamber at 25 °C, for 12 hours of photoperiod. Germination was checked every day for 10 days, with daily counting and the elimination of the germinated seeds. Seeds were considered germinated when they reached 2.0 cm or more in length of radicle. Each 9.0 cm diameter Petri dish covered with qualitative filter received 25 seeds.
The bioassays of the radicle and hypocotyl development were developed similar to the seed germination, except for the photoperiod which was now 24 hours. Each Petri dish covered with qualitative filter received three pre germinated seeds, with approximately two days of germination. After 10 days of growth, the radicle and hypocotyl length was measured.
OTHER EXPERIMENTAL PROCEduRES
The substances were tested separately and in pairs, under 150 mg.L -1 concentrations. Each Petri dish received 3.0 mL of test solution. Specifically for those bioassays involving tests of substances in pairs, 50% of the volume was used for each substance. Following the eluent evaporation, the same volume of distilled water was added, thus, maintaining the original concentration. The solutions were added just once, at the beginning of the tests, and then, whenever necessary, only distilled water was added. Malicia (Mimosa pudica) as a common weed in the Amazon, was chosen to evaluate the allelopathic potential of the substances investigated in this work. The seeds of that species were collected in cultivated pasture areas, in the Municipality of Terra Alta, State of Pará, and eventually cleaned and treated to break the dormancy, by immersing them into sulfuric acid for 20 minutes, as specified by Souza Filho et al. (1998) .
EXPERIMENTAL DELINEATION ANd STATISTICAL ANALYSIS
The experimental delineation was entirely randomized with four repetitions using distilled water as control treatment. The data were transformed to arc.
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sine √x, to follow normal distribution. The values obtained were submitted to variance analysis, using F-test, and when treatment effects presented significant differences (p< 0.05), the means were compared using the Tukey test. We used the Statistical Analysis System (1990) to perform the data analysis.
RESULTS
PhYTOChEMICAL INvESTIGATION
Fractionation of ethanol extract obtained from the leaves of D. urucu, allowed the isolation and structural identification of nine compounds (Lôbo et al. 2009 (Lôbo et al. , 2010 . From the same extract, a new substance (4) was isolated as a white powder. C NMR spectra of 4 (Table I ) showed characteristic sets of signals at δ H 5.30 (dd, J=12.6 and 2.7 hz, h-2), 3.05 (dd, J=17.4 and 12.6 hz, h-3β) and 2.76 (dd, J=17.4 and 2.7 hz, h-3α) and at δ C 78.8 (CH, C-2) and 43.1 (CH 2 , C-3) of a flavanone skeleton (Jang et al. 2002) . A lowfield singlet at δ H 12.29 indicated a C-5 Oh group hydrogen-bonded to a carbonyl at C-4. Aromatic proton signals at δ H 7.03 (d, J= 1.8 hz, h-2′), 6.92 (dd, J= 8.1 and 1.8 hz, h-6′) and 6.87 (d, J= 8.1 hz, h-5′) could be assigned as 1,3,4-trisubstituted aromatic ring B protons, as evident from the HMBC correlations from h-2′ and h-6′ to C-2 (Table I) . The 3 J correlations of h-2′, h-6′, and a singlet at δ H 3.91 (3h) to C-4′ (δ C 145.8) indicated the attachment of a OCh 3 group at C-4′. The correlations of h-2′ to both C-3′ (δ C 146.9) and C-4′, and the presence of only one signal of OMe (δ H 3.91) showed a Oh group linked to C-3′. The and h-4′′/C-5 required the placement of a chromene ring at C-6 and C-7. The configuration at C-2 was assigned as S based on a vicinal coupling constant of 12.6 Hz, in comparison to those of previously reported flavanones (Jang et al. 2002) . Compound 4 was thus identified as 5,3′-dihydroxy-4′-methoxy-(7,6:5′′,6′′)-2′′,2′′-dimethylpyranoflavanone and was given the trivial name urucunone.
The potential phytotoxic promoted over seed germination (Fig. 2) , of malicia as a receptor plant varied significantly (p<0.05) between the substances tested (1-3). Substance 2 caused the most intense inhibiting factors, always significantly higher (p<0.05), than those of 1 and 3. However, the magnitudes of these effects were always lower than 30%. No significant difference was observed (p>0.05) between the inhibitory potential of substances 1 and 3. When analyzed in pairs, the intensity of inhibitions were always lower (p<0.05) when compared to effects caused by each substance alone, what might indicate the existence of antagonism between both 1 and 2, as well as between 1 and 3, and 2 and 3. Figure 3 shows the effects over radicle development. The data show that there were no significant differences (p>0.05) between the three substances, when tested separately, with effect intensity always below 20%. Comparatively to the inhibitory effects over seed germination, we observed that when the substances are administered separately, they presented more phytotoxic potential over seed germination, although this difference was not so significant. under all conditions, when the substances were tested, inhibition was significantly (p<0.05) higher than those promoted by the substances separately. In some combination, such as in 1+3, the increase in relation to the two separated substances was 200%. For combination 1+2, it was observed an increase in the phytotoxic capacity by 150%. These data sets show that there
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was a synergy between the three substances when administered in combination. The data differ from those observed over seed germination, where antagonistic effects might be involved.
For effects over the hypocotyl development (Figure 4) , no significant differences were observed (p>0.05) between substances 1 and 2. The inhibitions promoted by these two substances, when tested separately, were below 10%. When tested separately, substance 3 presented greater potential (p<0.05) to inhibit radicle development than 1 and 2, promoting, however, inhibition below 30%. When combined in pairs, the substances always promoted inhibitions of greater magnitude when compared to the effects achieved by the substances separately, indicating the existence of synergic effects among the three substances. This result replicates that observed on the radicle development ( Figure 3 ) and is different from the effects promoted over seed germination (Figure 2 ), indicating possibility of antagonism. In general, the tendency observed was that the substances, when tested separately, promoted more intense effects over seed germination, and when in pairs, they inhibited the radicle and the hypocotyl in a greater scale. Separately, substance 1 was more effective in inhibition of seed germination of malicia weed, while 3 showed that it was more effective on inhibition of hypocotyl development. No significant differences were observed (p>0.05) on inhibitions promoted by allelochemicals 1 and 2, on both the radicle and the hypocotyl development.
DISCUSSION
The rich Amazon plant biodiversity offers new and revealing opportunities to discover chemical molecules with potential use in weed management. 
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Timbó vermelho (Derris urucu) is a species found in South America and Asia, with large dispersion in the Amazon Region. Several chemical prospecting studies of this plant have been more restricted to its roots, being identified the presence of rotenoids rotenone, deguelin, tefrosin and rotenolone as major metabolites and minor compounds belonging to the flavanone, isoflavanone, chalcone, flavonol, pterocarpan, stilbene and saponin classes (Braz Filho et al. 1975 , Parente and Mors 1980 , Fang and Casida 1999 , Pereira et al. 2000 . Recent studies, including this one, involving the leaves of D. urucu, have shown the absence of rotenoids. Apparently, the occurrence of these substances is restricted to the roots and barks of this species.
Flavonoids form an important group with different biological activities. In terms of allelopathy, some information is found in the literature indicating this activity for different compounds of flavonoids (Anaya et al. 2003 , Tseng et al. 2003 , Perry et al. 2007 , Simões et al. 2008 ). Recent studies (Cipollini et al. 2008 , Simões et al. 2008 show the importance of flavonoids as allelophatic agents. There are no references concerning the allelopathic activity of isolated dihydroflavonoids in this study. Thus, the results found for other compounds of the group may serve as point of reference, facilitating assessment the potential of the three substances isolated and tested in this study. For instance, Lôbo et al. (2008 ) e Arruda et al. (2005 obtained, for lower concentration, effects much greater than those observed in this study, for the same weed specie indicating a wide variation in allelopathic activity of flavonoids. In addition allelopathic inhibition obtained for chemical substances from the leaves of timbó vermelho (Derris urucu) constitutes a factor that values the native flora of the Amazon rainforest and must be taken into consideration when speculating on the importance forest preservation in the Amazon as an alternative source of chemical molecules with potential use in weed management.
Attempts to relate the allelopathic activity to the structure of a molecule are rare in the literature, as seen in a study by Reynolds (1987) is a good example. Small differences in the chemical structure of certain substances may be favorable to increase in allelopathic activity (Souza Filho et al. 2006b ). According to Bitencourt et al. (2007) , the presence or absence of certain functional groups in a molecule may represent the increase or decrease of allelopathic activity. Of the three dihydroflavonoids tested in this study (1-3), Urucuol A (1) and Urucuol B (2) present chemical structures extremely similar, with differences only in the group connected to C-5, OMe in 2 and Oh in 1. This difference produced effects more significant to urucuol B (2), especially in relation to inhibition of seed germination. The Isotirumalin structure (3) differs from the other two substances due to the absence of ring 2.2-dimethylchromene linked to ring A, and its effects were more intense over the hypocotyl development. Apparently, the Urucuol B structure was more compatible to reduce weed germination while the Isotirumalin structure was more effective to reduce hypocotyl development, however, it is difficult to determine if only one functional group is operative and determinant of the molecule allelopathic activity, and it has not been clear yet, which specific factors act in each case.
In plant communities, the effects which may be attributed to the allelopathy phenomenon result not only from the action of a single allelochemical, but from various components acting simultaneously in the target plant. As a result, one may assume that allelopathic activity of a mixture of allelochemicals will be determined not only for its concentration, but also, by the positive or negative interaction which may exist among the substances. There is information in the literature suggesting the existence of synergism as a result from the combination of different allelochemicals (Kubo et al. 1992 , Vokou et al. 2003 . In most studies where this hypothesis has been tested, the combination among the allelochemicals 888 EWERTON A.S. DA SILVA et al.
involve fixed concentration and the interferences are based in the increase of inhibitory activity in relation to effects promoted by each substances alone (leading us to conclude the existence of synergism) and the reduction in inhibitory activity (suggesting the occurrence of antagonism). The results observed for evaluation of the three dihydroflavonoids indicate the existence of synergic effects, as well as possible antagonist effects. In the seed germination bioassay, the predominant tendency was suggestive of antagonism, while synergic effects were observed in radicle and hypocotyl development. Apparently, the manifestation of one or the other of these two attributes depends not only in the capacity that the substances are thought to be able to augment each other's activity, but also the factor of the plant under analysis. It is known, for example, that in general, seed germination is less sensitive to allelochemical effects than the growth of seedlings (Reigosa and Malvido 2007) , which, to some extent, may explain the variations observed in this study. The set of results obtained once more indicate the Amazon forest as a source of chemical molecules with properties to be used in weed management, thus contributing to the aggregation of economic value of the two species and consequently for its preservation. 
